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Detailed Description Text - DETX (28) : 

The electronic engine controller 182 is comprised of a 
microcomputer similar 

to that of the transmission controller 184, which has a CPU 

adapted to process 

the input signals according to programs stored in a ROM 
while utilizing a 

temporary data storage function of a RAM, for controlling 

the engine 10, more 

specifically, for effecting a fuel injection control for 
controlling a fuel 

injection valve 18 6 so as to optimize the combustion 
condition of the engine 

10, an ignition control for controlling an ignitor 188 so 

as to optimize the 

ignition timing, a traction control for controlling a 
second throttle valve 192 

via a throttle actuator 190 so as to control the traction 
force of the vehicle 

while preventing slipping of the drive wheels on the road 
surface, and a 

fuel-cut control for holding the fuel injection valve 186 
closed while the 

engine speed N.sub.E is higher than a predetermined 
fuel-cut threshold level 

N. sub. CUT during coasting of the vehicle, so that the fuel 
economy of the 
vehicle is improved. 
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[571 ABSTRACT 

An i^aratus for controlling a lock-up clutch betwcsen pump 
and tuihlne Impellers in a fluid-filled power transmitting 
device of a motor vdiicle« such that a slip control device 
controls the actual slip speed of the lock-up clutch so as to 
coincide with a transient target slip speed, the apparatus 
including a device for calculating a final taiget slip speed of 
the lock-up clutch which assures a maximum fuel economy 
of the vehicle during a steady-state running, a device for 
setting, as an initial value of the transient target slip speed, 
a difference between the speeds of the pun^ and turbine 
impellers immediately before an operation of the dip control 
device Is initiated, and a device for reducing the transient 
target slip ^>eed toward the final target slip speed at a rate 
whidi decreases as the transient target slip speed approadies 
the final target slip speed. 

4 Claims, 14 Drawing Sheets 
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SLIP CONTROL APPARATUS FOR MOTOR ti^sient target slip speed of the lock- up dutch, and such that 

VEHICLE LOCK-UP CLUTCH the transient target slip speed is reduced or decremented at 

a predetermined constant rate toward a predetermined final 
This is a Divisioa of a{^Ucation Ser. No. OS/501341 target slip speed. In this control apparatus wherein the rate 
filed on Jul. 12, 1995. now U.S. Pat No. 5,683329. 5 ofreductionof the transient taigct slip speed is constant even 

when the transient targ^ slip speed is relatively dose to the 
BACKGROUND OF THE INVENTION final target sUp speed, tiie transient target sUp speed is 

1. Held of tfie Invention suddenly fixed at the final targ^ slip speed, and the actual 
The fffcsent invention idaies to an appaiatus for control- ^^^^ *^ lock-up clutch tends to become lower or 

ling the amount of slip of a lock-up dutch provided in a 'P^^^ ^"^^ 

power tnmsmitting system of a motor vehicle. become close to zero, due to a control overshoot when the 

-> »f transient target slip speed has reached the final value. 

2. DiSOKSion of the Related Art *i *i_ i i « • j • i n 

. . . , . « . ^ . . Consequently, the lock-up clutdi is undesirably almost fully 

In a motor vehicle having a fluid-filled powa transmittmg engaged, cau sing a knocking tendency of the engine running 
device ccfoppcd with a lock-up clutch such as a torque ^5 ^t a relatively low speed and dctcrioiated running stability 
converter or fluid coupling mcap»ating such a lock-up ^^^1 comfort of the vehicle, 
dutch* it is proposed to control the lock-up dutch in a slip , ^, . . j. ^ 

control modi oiirtially sUppiog or eagagini mode) such Z 'TT^r'^ I* 

an actual vno^Hit of slip (dip speed) Jfte lodc-up dutch. f»« «^ 'T^^°,f "^J^^T ^ 
namdy. a difference be?J.een thnp«ds of a pum^^ „ lock-up dutch is detommed on Ac has«rf 
and a tuitiK impelltr eventually .Snddes withlpr^- S^^^*" * If**'™*' ^f"' 

mined laigct sliTspecd- to the purpose of improving the *^!!^^.'^'^!^^.*?^'':'t'''^?^^^J;T 
fud econ^y^ thVTehide while InimmizinJ the p^wa ^ ■^J^on once determined is be d constant until Ac 
loss due to ^pping of the lock-up clutch, m slip control ^ "^^^^ final target slip 

mode is established when the ranning conditio^ of the „ *P«d. toth«arang«nem. the d^^ 
vehide is in a predetemiined slip co^ area whid, is " ''^t^'^'^TJl^ sbp speed may be excessive^ lower 
inieimedi* between a fuUy reusing area in whld, the needed. Ai^ exc«sjvdy low rate of reduaion 

lodc-up ctedi should be held in a fully released state, and "^^^^ J^'* '^,Tf "1"^" IIST^ 

a fiiUy engaging area In whidi the lodc-up dutch should be f^^mg of «« kxJc-up clutd, for a Jong penod of nme. 

held in a Mty Engaged state. Ttese fully rdeasing. fully 3^ f ^^^^ L r" 

engaging «id slip Introl areas are defined by iiitable «<*ss.vely highnitc of rediK^onof Actn^^ 
paSidi«(e.grArotUe valve opening and vdudc running in««tabihly of powalxansm«^^^^ 

!peed) indkalhre of the vdude wnniig condition. ^"^^^^ f f 

„ \. . , . ^ . of the torque transmitted through the lock-up dutch and 

UsuaUy, a lodcHjp dutdi whose sUp speed or amount is deteriorated ninning stability and comfort of the vehicle. 

adjustable is jHovided with a piston which is operaied by a 55 

hydraulic pressure source that permits fiill engagement of SUMMARY OF THE INVENTION 

the lock-up dutch. Described in detail, the piston is moved 

depending upon a difference between pressures in two oil ^ therefore an object of the present invention to provide 
chambers* whidi are formed on the opposite sides of the ^ apparatus whidi assures improved stability of control of 
piston. The amount of sl^) of the lock-up clutch Is controlled 40 amount of slip of a Jock-up dutch of a motor vehide. 
by controlling the pressure difference of the two oil chan^ The above object may be achieved according to a first 
bees to thereby change a thrust force acting on the piston and a^ect of the present invention, which provides an apparatus 
the resulting fiiction force of the dutch. Since the hydraulic for oontroUi^g an amount of slip of a lock-up clutch dis- 
pressure source that permits the full engagement of the posed between a pump impeller and a turbine impeller in a 
dutch is utilized to control the lodc-up clutch in the slq> 45 fluid-filledpower transmitting device of a motor vehicle, the 
control mode, even a small amount of change in the pressure apparatus induding slip control means for controlling the 
difference of the two oil chambers will result in a consid- amount of slq> of the lock-up clutch while a running con- 
erable amount of change in die slip amount of the clutch. dition oi the vehicle is in a predetermined slip control area. 
That is, the slip amount of the clutch controlled in a feedback such that an actual slip ^ed of the lock-up dutch coinddes 
fashion tends to be excessivdy sensitive to a change of a slip 50 with a transient target slip speed, the ^yparams coiiq>rising: 
control signal generated by a feedback controller. Thus, the (a) final target slip speed calculating means for calculating 
feedback control of the slip amount of the lock-up dutch a final target slip speed of die lock-up dutdi which assures 
suffers firom comparativeiy low control stability, sudi as a maximum fuel economy of the vehicle during a steady- 
poor feedback accuracy and an excessive control overshoot state running c$ die vehicle; (b) inidal target slip speed 
leading to detenoration of the power transmission stability 53 setting means for setting, as an initial valiK of the transient 
of the vehide. particularly when the slip control is initiated target slip speed of the lock-up clutch, a speed difference 
in the i^esence a large difference between the actual and between speeds of the pump and turbine impellers immc- 
target slip ^leeds of the lodc-up dutch immediately after the diatdy t)efore an operation of the slip control means is 
switchingof die contrd mode from the fully releasing mode initiated; and (c) target slip speed updating means for 
to the slip control mode. The low control stability is also ^ changing the transient target slip speed toward the final 
encountered when the rate of change of the target slip ^leed target slip speed at a rate which decreases as the transient 
is altered. target slip ^leed ^jproaches the final target slip speed. 

An example of a condrol apparatus for controlling die In the slip control i^aratus of die [resent invention 
lock-up clutch in the slip conUrol mode is disdosed in constructed as described above, the ttansient target sMp 
JP-A-4-331868. This controller is arranged such that the 65 speed whose initial value is set by die initial target slip speed 
speed diffemicc of the pump and turbine inq)ellers upon setting means is updated by the target slip speed updating 
starting of the slip control is used as an initial value ci a means* namefy. so (hat the transient target slip speed is 
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reduced down to the final target slip speed calculated by the slip control means to temunate the sUp contrd operation 

final tareet slip meed calculating means. The rate at ^liich when the rate of increase of the throttle valve exceeds a 

the transient taigpt sluj speed is reduced decreases as the predetermined second threshold value which is sufficiendy 

transient tarect ^ speed^oaches the final target value. larger than the first threshold value^In this atrangcmcDt die 

uouMcui im^t »^ i/v. «t.i« , ^ . ^. < slip control operation is terminated even v/htn the vehicle 

In the presemshpcontrol apparatus Aerate of reduction 5 ^^Jg;^^ i„ ^^^^j ^ 

of the transient target speed is not suddenly zeroed but is operated at a comparatively high rate with the 

progressively reduced as the transient target sbp speed accelerator pedal being dqrcssedaibniptly. Thus, the instant 

approaches the final target slip speed. This arrangement arrangement is eflfcctivc to pcevent otherwise possible 

permits the acdial slip speed of die lock-up clutch to knocking tendency ofthe engine due to an excessively small 

accurately coincide with the final target value, without a lO amount of sl^ of the lock-up dutch u*en die engine speed 

control overshootwhich would cause the actual slip speed to . ^ relatively low. Furtiiec the teiminatiott of the slip control 

become close to lero and which would lead to d^eriorated ^j^^ jock-up clutch results in amplification of a torque by 

running stability and comfort of the vehicle. ^ fluid-filled power transmittiDg device, facilitating the 

The above object noay also be achieved according ^ & acceleration of the vehicle, 

second aspect of ttiis iovention. which provides an apparatus xhe object indicated above may also be achieved accoid- 

for controlling aa amount of slip of a lock-up clutch dis- y^g xo a third aspect of this invention, which provides an 

posed between a pump ino^ller and a turbine inofpeller in a apparatus for controlling an amount of s\sp of a lock-up 

fluid-filled powcrtransmitting device <rf a motor vehicle, die dutch disposed between a pump impeller and a turbine 

apparatus including slq) control means for controlling the impeller in a fluid-filled power transmitting device of a 

amount of slip cf the iock-iq) clutch while a running con- motor vehicle having an engine and an accelerator pedaL the 

dition of the vehicle is in a predetermined slip control area. a{^)aratus including slip control means for controlling the 

such that an actual slip speed of the lock-up clutch coincides amount of slip of the lock-up clutch while a running con- 

with a target sl^ speed, the apparatus comprising: (a) slip dition of the vehicle is in a predetermined slip control area, 

speed monitoriii^ means for determining whcdier a speed ^uch that an actual slip speed of the lock-up clutch coincides 

difference between speeds of the pump and turbine impellers 3 target slip speed, the apparatu s comprising: (a) engine 

tends to be increasing; and (b) enabling means for enabling radng monitoring means for dctamining whether a speed of 

the sli9> control means to initiate a slip control operation to engine of the vehicle has almost reached a highest level 

control the amount of sUp of the lock-up dutch, if die slip which is expected to be established due to racing of the 

speed monitoring means determines that the speed differ- ^ engine upon depression of the accelerator pedal and conse- 

ence does not tend to be increasing. quent switching of a torque transmitting direction from a 

In the slip coatrol sqjparatus constructed according to the negative direction to a positive direction, the negative direc- 

second aspect at this invention, the slip speed monitoring tion being a direction from a drive whed of the vehicle 

means determines whether the speed difference of the pun^ toward the engine while the positive direction being a 

and turbine inqidlers tends to be increasing or not. and if the direction from the engine toward Ifae drive wheel; and (b) 

^)eed difference does not tend to be increasing, the enabling enabling means for enabling the slip control means to 

means enables the slip control means to initiate the slip initiate a slip control operation to control the amount of slip 

control opc^tioB to control ttie slip amount or slip speed of of die lod^-up clutch if die engine racing monitoring means 

die lock-up dutdi. determines that the speed of the engine has almost reached 

Thus* the slip control of the lock-up dutdi by die slip ^ the highest level, 

control means is initiated only when the vehide is running In the sl^) control apparatus according to the third aspect 

widiout a tendeacy of increase of the speed difference of die of this invention, die en^ne racing monitoring means deter- 

pun^ and tuibtne in^tellers. This arrangement pomits die rnines whether the engine speed has almost reached the 

adual &ii|> speed of die lock-up clutch to accuratdy follow highest level expected to be established due to Uie engine 

die taiget slip ^eed even in an initial period of die slip 45 radng upon depression of die accelf r a ln r pedal and conse- 

control. and does not suffer from unstable control of the sl^ quent switddng of die torque transmitting direction firom die 

amount of the chitdi ^di would lead to deteriorated negative direction to the positive direction. The enaUing 

maning stability and comfort of the vehide. means enables the slqi control means to initiate the slip 

Preferably, die slip speed monitoring means comprises control operation only after die engine racing has progressed 

means for dctennining whedier a rale of increase of an 50 to such an extent diat the engine speed has almost readied 

opening of a thiotde valve of an engine of the vehicle drops Uie highest level of racing. 

below a jxedctomined first dircshold. In tiiis case, die Thus, the slip control aj^Mratus indkated above Is 

enabling means enables die slip control means lo initiate die adapted to initiate die slip control of the lodc-up dutdi only 

sUp control opaation of die lock-up dutch when die rate of after die engine speed has been raised to a kvd near die 

inoeasc of the dirotde valve opening drops below die 35 highest level expected during the engine radng. This 

predetmnined first direshold. The first direshold valve may anangement permits die actual slip speed of die lock-up 

be a comparatively small positive value or a negative value dutch to accuratdy follow die target slip speed even at die 

dose to zero. Where ttus threshold is a negative vahje, die beginning of the slip control operation, and does not suffer 

slip control of die lock-up clutch is initiated when an from unstable control of the slip amount which would lead 

accderatcr pedal of the vehicle is released to reduce die 60 to deteriorated running stability of die vehicle, 

duottle valve opening, diat is. when the speed difference of Preferably, the engine racing monitoring means comprises 

the pump and tnbine impellers tends to be decreasing. This an idling position switch v^di is held on while a throttle 

arrangement thcxefore assures improved statnlity of control valve of the engine is placed in an idling position, and means 

6[ the sty[> amount of the lock-up clutdi even in an initial for determining whedier a time whidi has passed after the 

period of the slip control 65 idling position switch is turned off exceeds a predetermined 

In die above case, die apparatus preferably further com- direshold. In this case, die enabling means enables die slip 

prises slq> control terminating means for commanding die control means to initiate die slip control q)cration of die 
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lock-up clutch when the tune which has passed after the understood by reading the following detailed description of 

idling switch is turned off exceeds the predetennined thresh- a presently pffeferred embodiment of the invention, 

old. considered in conjunction of the accompanying drawings . in 

The object incficated above nay also be achieved accord- which: 

ing to a fourth a^t of this invention wMch provides an 5 FIG. lis a schematic view iUustrating a part of a power 

apparatus for coslioUing an amount of shp of a lock-up ^.^^^ ^^^^ of a motor vehicle, which incoiporates 

clutch disposed between a pump impeller and a tuibme ^ u^^^^ « i^^i. ^I^Z^u^a 

impcUer iba fluid-fiUed pcweTtransmitting device of a ? ^"/^ converter havmg a lock-up clutch to be controUed 

!SL vehicle, the Jock-J^utch havii?^a 1^ ton, ^ * ^ «PP^^^. «>'^t^^«^ "^""^ 

apparatus iocludiig slip conHol means fo? controlling the ^«^>'>^^ <^ the present invention; 

amount of slip of the lock-up chitch while a running con- 2 is a table indicating a relationship between the 

dition of the vefaide is in a predetermined sl^ control area. operating positions of an automatic transmission connected 

such that an actual slip speed of the lock-up clutch coincides to the torque converter and die respective combinations of 

with a target slip qpeed. die apparatus conqxrising: (a) the operating states of first and second sofenoid-opecated 

initiating conditioii monitoring means for determining valves of the slip control apparatus; 

whether a oondidn of the vehicle for initiatuig a sUp control ^ pjo. 3 is a block diagram showing a control system for the 

operation of the shp control means is satined; (b) lock-up vehicle, which includes a oansmission controUcr 

piston means for advancmg die piston of the i„coiporaang the slip control apparatus for the lock-up 

lock-up clutch by a predetermined distance if the uutiahng clutcir — -rr r 
condition monitoiing means determines that the condition of 

the vehicle is satisfied; and (c) monitoiing and enabling 20 FIG- ^ is a view iUustraUng a part of a hydrauHc control 

means for determining whether the piston has been device shown in FIG. 3. which incoiporates a circuit for 

advanced by fee predetermined distance by die lock-up controlling the lock-up clutch; 

piston advancing means, and enabling the slip control means FIG. 5 is a graph indicating an output characteristic of a 

to initiate a slip control operation to control the amount of linear solenoid valve provided in the lock-up clutdi control 

slq> of the lodc-up chitdi after the piston has been advanced 25 circuit of FIG. 4; 

by the predetenntned distance. pjQ^ U ^ graph indicating an output characteristic of a 

In the sUp contml apparatus according to die fourth a^>ect |ock-up clutch control valve provided in the lock-up clutch 

of this invention, diepiston of the lock-up clutdi is advanced control circuit of FIQ. 4. namely, a relationship between a 

by the predetennined distance by die lock-up jrfston advanc pUot pressure P^^ received by die lock-up clutch control 

ing means when die initiating condition monitoring means 30 valve and a pressure difference AP of engaging and releasing 

determines diat the vehicle condition for initiating die slip oU diambers of die lock-up clutch; 

control operation h satisfied. The monitoring and enabling 7 is a view indicating boundaries defining different 

means enables die slip control means to mitiate die slip ^^^^ ^ ^^^^ 

control operation when it is determined that the piston has condition of die vehicle, which boundaries arc stored in the 

been advanced by die predetennined distance. 35 ^^^^^ ^^^^ ^j^^^ pj^ 3. 

In die above apparatus the slip contn>l operation by die rg. 8 is a Wock diagram illustrating ibe fiincUons of 

slip control means is initiated only after the piston of the . I ^ , i**M»u«tiu5 uw. «uuvuvui> v* 

• ^ .♦^ u u i u *u vanous functiooal means mcoqiorated m die slk» control 

lock-up dutch has been advanced by the predetermined aorMMtu • 

distance. This arraagement permits slipping engagement of apparams, 

tiic lock-up ckitch immediately after die initiation of the slip 40 FKi- 9 is a flow diart sdiematically illustrating an c^a- 

control operation, and dicrcfore peimits die actual slip speed ^ control apparaois; 

of the lock-up clotch to accurately follow die target slip FKj. 19 is a time chart explaining the time at which the 

speed. The instaM arrangement does not suffer from a slip control of the lock-up dutch is initiated by the slip 

control overshoot which causes the actual slip speed to control apparatus during a throttle valve operation to accel- 

become dose to zero and which woukl lead to deterioration *5 crate die vehicle; 

of the running stability and comfcvt oi the vehide. FIG. 11 is a time chart explaining the time at which the 

Preferat^, the piston of die lock-up dutch is axially slip control is initiated by die slip control apparatus during 

slidably floed on a hub of the turbine impeller of the a throttie valve operation to re-aocelerate the vdiicle after 

fluid-filled power transmitting device, and is movable vehide deceleration; 

between a fidly ideasing position and a fully engaging pj^ j2 3 ^^y^ indicating a relationship used to 

position by a difference between hydraulic pressures in two detennine steady-state target slip speed TTNSLPl used in 

oil diambers which arc partially defined by the piston. Wfli step SA5 <tf die slip control routine of FIG. 9: 

die piston placed in die fuUy releasing and engaging FIG. 13 is a time diait indicating a dianoe in the transient 

positions me lockH^p clutch is fuUy rdcased and engaged target slip speed after die satis&ction of die slip control 

rospecuvdy. m itock-up piston advancing means may be « ^^^^^ conditions, sudi diat die rate of dia^e of die 

adapted to estab^a predetermined pressure diff(«nce of ^ ^^^^^^ ^ ^ ^^^^ 

metwooddiamb«sodiatth^^^ slip speed approadieTafinal target sUp speed; and 

fully rdeasedposlt»n toward die fully engaged position by r^JTV^. . 

die predetermined distance by die estabUshed pressure ™- ''^ «^P?. mdi^ng an amount of decrenient of 

difference, whereby die lock-up chitch is Irou^t to a « the transient targd shp speed whidi is deteimmc^ 

position near die fidly engaged position in which the fric- ^ 

tional coupling portion of the clutdi cixitacts the cocre- DETAILED DESCRIPTION OF THE 

sponding fi:ictional coupling portion of die tubine impelkx: PREFERRED EMBODIMEKT 

BRIEF DESCRIPnON OF THE DRAWINGS ^ Referring first to die sdiematic view of FIG. 1. diere is 

The above and optiooal objects, features, advantages and shown a part of a power transmitting system of a motor 

technical significance of the present Invention will be better vehide, vtdicrdn power generated by an engine 1§ is trans- 
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mined to a differential gear device and drive wheels through counter shaft 40 which connects the output gear 39 and the 

a torque converter 13 equipped with a lock-up dutch 3i and differential gear device. TTic planetary gear sets 34, 36. 38 

an automatic transiBfesion 14 which includes three planctaiy Include components which arc connected integrally with 

gear sets to selectively establish a phirality oi operating each other, and components which are connected to each 

positions (gear posMons). 5 o^her when torcc clutches CO, CI- C2 are selectively 

The torque converter 12 includes; a pump impdlcr 18 engaged. The planetary gear sets 34, 36. 38 also include 

connected to a craiAshaft 16 of the engine 10; a tuibinc compancnts wMdi are fixed or connected to die housing 26 

impeller 22 fixed to an input shaft of the automatic trans- and Acicty inhibited from rotating when four brakes BO. 

^on 14 and rotatablc by the pump i^^,eUer 18; a stator "^^"i^ ^^^^ ^«*«*^ ^1IL!f^ 

impeller 28 fixed to a stationaiy^nSiba^the form of a ,o 3^38 ftiither indude componentewhidi are connected 

^ing 26 through a one-way dutch 24; and the above- to each other or to the housmg 26 through thice one-way 

indicated lock-up dtotch 32 connected to the input shaft 20 clutches FO. Fl, F2. depending upon the rotating direcUons 

through the turbine impeller 22. The pump in^cr 18 of the components. 

includes a radiaUy outer portion which is U-sh^d in cross Each of the dutches CO, CI. C2 and brakes BO. Bl. B2. 

section, and a pluraBy of curved vanes which are aaanged 15 may consist of a multiple-disk clutdi. or a band brake 

in the circumferential direction and formed so as to cause a which uses two bands wound in opposite directions. These 

flow of a working oil, which flow includes a con^nent clutches and brakes are operated by respective hydraulicaUy 

moving toward the turbine impeller 22 on the side of Ae operated actuators, which are controUed by an electronic 

engine 10. The turbine impcUer 22 includes a pluraUty of transmission controUar 184 shown in HG. 3 (which wiU be 

curved vanes opposed to the vanes of the pump in^)eUer 18. 20 described), so as to selectively establish a plurality of 

In operation of the torque converter 12, the turbine in^jeller operating positions of the automatic transmission 14. That 

22 is rotated by the oU flow from the vanes of die pump is. the automatic transmission 14 has four fcxward drive 

impeller 18 rotated by the engine 10. The lock-up dutdi 32 positions, first-speed ("IsO. second-^jeed O^nd"). 3rd. 

includes a piston 30 which engages a hub of the turbine speed nrdT) and overdrive rO/IT) positions, and one 

impcUer 22 such thaithe piston 30 is axiallysUdable relative 23 backward drive position "R". as indicated in FIG. 2. The 

to and lotatablc wilb the turbine impcUer 22. four forward drive positions "1st", '^nd**. **3rd" and **0/D" 

The piston 30 of the lock-up clutch 32 divides an interior l^^vc respective different speed ratios I which decre^e m the 

of the ^ue converter 12 into two oU chambers 33 and 35. order of ^^^V^^^J^^^^P^ ^ ^ ^ 'Sf^ 

The lodSip dutch 32 is released and engaged by axial of the input shaft 20 divided by the speed of the counter shaft 

movements off the nston 32 depending upon a difierence 30 (output shaft) 40, 

between oil presswcs in these two oil diamben 33, 35. It is to be noted that fee lower halves of the twque 

which will be hereinafter refened to as a releasing oil converter 12 and automatic transmission 14 and tiie upper 

diamber 33 and an engaging oil duunbcr 35, respectively. half d the counter shaft 40 are not shown in FIG. 1 in the 

Described more spcrificaQy, the pston 30 is retracted to its interest of simplification, since diese elemcnis 12. 14, 40 are 

fullyretractcdposiliwiwhentheprcssuiciothcrcleasingoil 35 symmetrical witii respect to their axes of rotation, 

chamber 33 is inctOBed while the engaging oil chamber 35 Referring next to the block diagram of FIG. 3. there will 

is drained When the jvessure in the engaging ofl diamber 35 be described a control system provided to control the engine 

is increased while the releasing oil chamber 33 is held at the 10. lock-i^ clutch 32 and automatic transmission 14 of die 

lowest level, the piston 30 is advanced to its fully advanced motor vehicle. The control system indudes the electronic 

position. In the ftilly retracted position (rf the piston 30, the 40 transmission controller 184 indicated above, which is 

lodc-up dutch 32 Is placed in its fully released position in adiqrted to control a hydraulic control device 44. The 

\(4iich Uie torque received by the pun4> unpellcr 18 is hydraulic control device 44 indudes a transmission control 

amplified or boosted at a ratio depending upon the ratio of circuit for shiftiDg the aut(»Datic transmission 14 to an 

the input and ou^ speeds of tiie torque converter 12. In the appropriate one of the operating positions, and a lock-up 

fiiUy advanced position of the piston 30, the lock-up dutch 45 clutch contrd circuit for controlUng the operating stale of 

32 is placed in tte ftiUy engaged position in which the the lodc-up chitch 32. The transmission control circuit Is 

frictional coupling portion of the dutch 32 is forced agahist provided with a first and a second solenoid-operated valve 

the radially outer U-shaped portion c^the pump impeller 18. SI. S2. which have respective soleDoid coils. The dutches 

whereby the pun^ impeller 18 is directly connected to the CO. CI. 02 and brakes BO. Bl, B2. B3 are selcctivdy 

input shaft 20, that is. the crankshaft 16 as an input member 50 engaged to sdectively establish the operating positions 

of the torque convater 12 is directiy connected to the input ("Ist**. "2ntf'. **3rd" and •XVD") of the transmission 14 

shaft 20 of tiie iraaanission 14. which serves as an output depending upon respective oonohinations of tiie operating 

member of the toiqK converter 12. When tiie pressure in die states of the first and second solenoid^^mted valves SI, 

releasing oil chamber 33 is increased to a predetermined 82, as indicated hi FIG. 2. In this figure, "o" indicates ttie 

level while tiw pressure in the engaging oil chamber 35 is 55 energization of the solenoid coils of the valves SI, S2 or the 

hdd at a higher level, the piston 30 is advanced to a engagement <rf the clutches and brakes, 

predetermined position in which the ftictional coupling The lock-up dutch control drcuit of die hydraulic control 

portion of the lock4ip clutch is located near the correspond- device 44 indudes a third solenoid-operated valve S3, a 

ing coupling poctioa (radially outer U-shqpcd portion) of Ac lock-up relay valve 52, a linear solenoid valve SLU. and a 

pump impeller 18. The jiedetcrmincd level of the pressure eo lock-up dutch control valve 56, as shown in FIG. 4. The 

in the releasing oil diamber 33 indicated above is deter- third solenoid-operated valve S3 has a sc^enoid coil 48 

mined by a second term ("feed forward term") of a right which is tomed on and off. When the coil 48 is on, the valve 

member of an equation (2) whidi wiU be described. S3 generates a UX:K-UP SWITCHING pressure The 
The automatic transmission 14 indudes: tiie input shaft lock-up relay valve 52 has a releasing state and an engaging 
20, a first, a second and a tiiird planetary gear set 34. 36, 38; 65 state for releaang and engaging the lock-q) dutch 32, 
an ou^t gear 39 which rotates witii a ring gear of tiie third respectivdy, dq>ending upon whether tiw pilot pressure P,^ 
pianctaiy gear set 38; and an output shaft in tiie form of a is generated by tiie valve S3. The linear solenoid valve SLU 
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is adapted to generate a SLIP CONTROLpilot pressure P^xx/ chamber 100 partially defined by the other end of the 

coirespondiDg to a SUP CONTROL current Ig^ supplied plunger 96 and adapted to receive the first line pressure Pll ; 

from die transmission controller 184. The lock-up clutch and an oil diamber 102 partially defined by the other end of 

control valve S6k adapted to regulate a pressure difference the spool 92 and adapted to receive the LOCK-UP 

AP between the pressures in the engaging and releasing oil 5 SWITCHING pressure P^ from die third solenoid-operated 

diambeis 15, 33 of the torque conveiter 12, according to ttko valve S3, for generating a thrust force for moving the spool 

ST .TP CONTROL pilot pressure Vgu/ received from the 92 toward die ON position. 

Hnear solenoid valve SLU, for thereby controlling an Tht third solenoid-operated valve S3 has a ball whidi is 

amount of slip of die lock-up dutch 32. seated on a valve scat to disconnect a line communicating 

As shown in HG. 4, the hydraulic control device 44 10 widi the oil chamber 102 of the lock-up relay valve 52 and 

includes a pun^ (iifor pressuring a w(vking oil sucked from the OR valve 72 when the solenoid coU 48 is de-energized 

a suitable reservoir through a strainer 5S. The pump 60 is or OFF. In this state, the LOCK-UP SWITCHING pilot 

driven by the engine 10. Hie pressure of the oU delivered by pressure P^ is not applied to the oil chamber 102. When the 

the pump 60 is arfustcd to a first line pressure Pll by a first coil 48 is energized or ON. the ball is unseated to pennit the 

pressure regulatiqg valve 62 of an overflow type. The first 15 conunuoication between the OR valve 72 and the oil chara- 

pressure regulating valve 62 is arranged to receive a bcr 102. whereby the LOCK-UP SWITCHING pressure P^ 

THROTTLE pilot pressure indicative of an opening TAP of is applied to die oil chamber 102. In the OFF state of die 

a first throttle valve 166 (FIG. 3), and regulate the first line valve S3, dierefore. the spool 92 of the lock-up relay valve 

pressure Pll in a first pressure line 6 4 such fiiat tiie pressure 52 is moved to its OFF position by die biasing force of die 

Pll increases wilb the THROTTLE pdot pressure. Hie 20 spring 94 and a force based on the first line pressure Pll in 

hydraulic control device 44 further has a second pressure the oil chamber 100« whereby the input port 84 communis 

regulating valve 6iof an overflow type, which is adapted to cates with the releasing port 80 while the first drain port 86 

regulate the pressire of the oil received from the first communicates with the engaging port 82. As a result a 

pressure regulating valve 62, to a second line pressure P12 pressure PofT in the releasing oil chamber 33 is made higher 

according to the THROTTLE pressure, so that the second 25 than a pressure Pon in the engaging oil chamber 35. to 

line pressure P12 corresponds to ^e output torque of tfie therelsy release the lock-up clutch 32. while at the same time 

engine 10. The device 44 further has a tiiird piessure the eqgagiog chamber 35 is drained through the first drain 

regulating valve which is a pressure reducing valve port 86. an oil cooler 104 and a check valve 106. 

adapted to reduce tiie first line pressure Pll to a predeter- In fiie ON state of the valve S3, on the other hand, die 

mined third Une pressure P13. 30 LOCK-UP SWITCHING pUot pressure Vg^ is applied to die 

The motor vehicle has a shift lever 174 (FIG. 3) whkfa has oil chamber 102. and the spoom is moved by a force based 

six operating positions (PARKING), "R" (REVERSE). on the pressure P^^ against the biasing force of die spring 

'"N** (NEUTRADw **D" (DRIVE). (SECOND) and M and the force based on the first line pressure Pll in the oil 

(LOW), as i n d l cattd in FIG. 2. The hydraulic control device chamber IM. whereby die input port 84 communicates with 

44 includes a mannl valve 70 (FIG. 4) ad^qxed to generate 35 the engaging port 82 while the first and second drain ports 

a REVERSE presave Pp when the shift lever 174 is pUocd 86, 88 oommunicate widi the supply and releasing pofts 90. 

in the REVERSE position '^R** (which is die hadcward drive 80. respectively. As a result, the jvessure Pod in the engag- 

position referred In above with reflect to the automatic ing oil chamber 35 is made higher dian the pressure Poff in 

transmission 14). The device 44 also Includes an OR valve the releasing oO chamber 33. to thereby engage die lock-up 

72 which is adqited to generate a higher one of a BRAKE 40 dutch 3Z while at the same time the releasing oil diamber 

B2 pressure P^ and the REVERSE pressure Pj^ which 33 is drained dirough die second drain port 88 and the 

serves as die LOOC-UP SWITCHING pilot pressure F^w lock-up clutch control valve 56. 

genaated when tbc valve S3 is turned ON as explained The linear solenoid valve SLU is a reducing valve ad^tcd 

below in dctaiL The BRAKE B2 pressure P« is generated to reduce die predetermined third line pressure PI3 to die 

to engage die brake B2 for cstabUshing the 5ecoiid-^)eed 45 SLIP CONTROL pUot j^essure P^i.^. such that die pilot 

(*^d"), diird-spced ("3rd") and overdrive C*0/D*^ posi- pressure Fsu/ increases wiUi an increase in the SUP CON- 

^o'^s. TROL current I ^^, supplied from die transmission control- 

The lock-up relay valve 52 has: a releasing poit 80 ler 184, namely, increases widi an increase in a duty ratio 

communicating with- the releasing oil chamber 33; an of the linear solenoid valve SLU. The thus controlled 

engaging port 82 communicating widi die engaging oil 50 pilot pressure Vgu/ is applied to the lock-up clutch control 

chamber 35; an ii^ pan 84 ad^>ted to receive the second valve 56. The linear solenoid valve SLU has: a suf^ly pod 

line pressure Pt2; a first drain port 86 through which the oil 110 ad^ed to receive the third line pressure P13; an output 

in the engaging <A chamber 35 is discharged when die port 112 from which the SUP CONTROL pilot pressure 

lock-up clutch 32 is released; a second drain port 88 dvough P^^ is applied to the valve 56; a spool 114 for closing and 

which the oil in the releasing oil chamber 33 Is disdiarged ss q>ening the ports 110. 112; a spring 115 for biasing the spool 

when the lock-up dutch 32 is engaged; a supply port 90 114 in a valve closing direction; a spring 116 for biasing the 

ad a pt ed to receive the oil discharged from the second spool 114 in a valve opening direction by a force smaller 

pressure regulating valve 66 so that the oil is cooled during than that 6f the spriag 115; a solenoid coil 118 for biasing die 

engagement of the lock-up clutch 32; a spool 92 operable spool 114 in die valve opening direction by a force dctcr- 
between an ONposition and an OFF position, for switdiing 60 mined by die SUP CONTROL current I^^.^; and an oil 

Che mutual commumcation or connection of the ports indi- chamber 120 adapted to receive a feedback j»essure (SUP 

cated above; a spiiag 94 for biasing the spool 92 toward die CONTROL pilot pressure FgLv) which biases die spool 114 

OFF position; a pliager 96 abuttable on the end of the spod in die valve dosing direction. The spool 114 is moved to a 

92 on the side of the spring 94; an oil chamber 98 defined position of equilibrium between a stun of die biasing forces 
between the abovo-indicatod end of the spool 92 and the 6S of die solenoid coil 118 and the spring 116 and a sum of the 

opposed end of die plunger 96. and adapted to receive die biasing force of the spring 115 and a force based on the 

REVERSE pressuie Pp fipom the manual valve 70; an oil feedback pressure Pj£,£^. 
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The loA-up clutch control valve 56 has: a line pressure ID) and a speed N^. of the turbine in^Uer 22 (speed Nin of 
port 130 ada^jted to receive the second line prcssurc P12; an the input shaft 20). 

input port 132 adapted to receive the oil discharged from the Referring back to the block diagram of HG. 3. the mtiUx 
releasing ofl chamber 33 dirou^ second drain port 88 of the vehicle has various sensors and switches including: an 
valve 52; a drain port 134 tiirough which the oil received by 3 engine speed sensor 160 f<x detecting the speed of the 
the input port 132 is discharged; a spool 136 opecable engine 10, that is, speed Np of the pump impcUer 18; an 
between a first position (indicated at left in FIG. 4) and a intake air quantity sensor 162 for detecting a quantity Q of 
second position (indicated at right in FIG. 4); a plunger 138 an intake air sucked into the engine 10 through an intake 
abuttable on the spool 136 fcr biasing the spod 136 towaid pipe; an intake air tenq)erature sensor 164 for detecting a 
the first position; an oil diamber 140 adapted to receive the lO temperature T^p of the intake air» a throttle sensor 167 fa- 
SUP COOTROLpUotprcssuicP^i^ for biasing the plunger detecting the opening TAP of the first throttle valve 166 
138 so as to generate a thrust foicc which biases the spod operated by an accelerator pedal 165. the ihrc^e sensor 167 
136 towaid the fint position; an oil chamber 142 adapted to being equipped with an idling position switch for detecting 
receive (he oil pressure Poff in the releasing oil chamber 33, the idling position the tiirottle valve 166; a vehicle speed 
for biasing the plunger 138 so as to generate a thrust force 15 sensor 168 for detecting a running speed V of the vehicle on 
which biases the spool 136 toward the first position; an oil the basis of a speed Nout of the output shaft 40 of the 
diamber 144 adapted to receive the oil pressure Pon in the automatic transmission 40; a water tcmperamre sensor 170 
engaging oU chamber 35, for generating a tiuust force for. for detecting a ten^Krature T^a « coolant water of the 
biasing the spool 136 toward the second position; and a engine 10; a brake switch 172 for detecting an operation of 
spring 146 received in the oil chamba 144, for biasing the 20 a brake pedal; a shift position sensor 176 for detecting a 
spool 136 toward the second position. currently selected operating position Ps of the automatic 

lb the topositionof the spool mofthelock-upclutch transmission 40, "^^^ ^"^^''"l^^n^^^^^ 
control valve 56. the input port 132 communicates witfi the oP^ating P^i^ons^L • ^ « I> • "N^ » """"LZifo tl 
drain port 134 to causedie\eleasing oU chamber 33 Id be shift lever 174; a a^me speed sensor 178 for detecung the 
draineSd, f« thereby Increasing the pressure difference AP « ^^N^of dietirtine impelto 

(=Pon-Polf) of the oil chanLi^ 33. 35. In the second the mput shaft 20 of the transmission 20; and an od 
position of the spool 136, the input port 132 comiminicates temperature sensor 180 f or dctcclmg » «f«Veranire T^^ 
with the line i^essure port 130 to «use die second line the working ofl m the hyckauhc control device 44 Ihc 
pressure 112 to be appU^o the releasing oU dianiber 33. o«tput signals generated by the above sensors and switch are 
for^eby reducing me pressure difference AP. ^ W^^d direcUy or indirecay to an decttomc engine con- 

ror mercwy reouang me ^.-^ troUcr 182 and the electronic transniission controller 184. 

Thepl»Dger mhasafo^ TT^^ two controllers 182, 184 are connected to each other by 

chamber 142, and a second Umd 150 remote from the ofl eommunication interface, for applying the necessary sig- 
chambtf 142. The first land 148 has a cross sectional area nab to Mch other ^ 

Al. «f^*^«««»<*]^f!^^^^^^ 35 THe transmission controller 184 is comprised of a 

larger than the area Al. The 1^^^,^^^^*^^^ ^ «xaUed microcomputer incoiporating a central processing 

adjacent to the pdot Pf^«"re oU chamber 1^40^da^ read-only memory (ROM), a random^ccess 

land 154 remote from the oU chamber Jf^^The third la^ r^^^^AM) and ^ inl^e:n« CPU processes die 

152 has across sedional area A3, and tfie four* land 154 ^^JL^^^^^^ 
has a cross sectional area equal to the ctoss sectional area ^ I^R^Twhile utilizing 

Al. In this arrangenaent of the lockup dutch control valve ^ controSing thcaitomatic transmission 14 
56,tl«.phing^ 

a umt with the plunger 138 held in abuttmg contoct wiUi die ^ solenoid^rated vidves SL S2, S3 and the linear 

spool 136. With die movement of die {hunger and spocH 138, -oUnoid valve^JLJ 

136,thepressunj different AP(=^^ conHoUing d« automatic transmission 14 so as to 

sides of die piston 30 of Aelo^^ ^ ^ transidssion 14 to the appropriate operating 

depending upon d« SUP COtTOOLp^^^^^ position, a plundity of diift patterns ar^sto^ 

generated by the Imear solenoid valve SLU The pressure of die diift pattfxns which coirejqwnds to die 

difference AP changes witfi the pilot pressure as shown selected positton of die transmission 14 is selected 

in HG. 6, at a rate or ^dicnt represented by a value ^^^^^ ^^e opaating position (one of die four forward 

(A2-AiyAl included in die foUowmg equaUon (1): to whichT traiLiission 14 should be 

AF^FoS^(M-AmiiFsu.-r^Ai (I) shifted ^wn «r u^ For instance, each ^ pattern consists 

^ of a shift-down boundary Ime and a shift-up boundary Ime 

where, Fs: biasing force of die spring 146. whidi are relationsh4>s between die dirotde valve opening 

The gri|»h of FIG, 6 indicates the output characteristic <rf 55 TAP and die vehicle speed V. On die basis of the detemiined 

die lock-op clutch control vaWe 56. namely, die rdadonshq) forward drive position to which die transmissioQ 14 should 

between die pressure difference AP generated by die valve be shifted, die solenoid-operated valves SI and S2 are 

56 and die SUP CONTROL pilot pressure Pguu generated suitably controUed (widi dieir solenoid coUs being suitaHy 

by die valve SLU. While die lock-up dutch conUrcA valve 56 energized or de-energized), so as to establish an appropriate 

is ON wifli the spool 136 placed in the first position, an 60 combination of die operating states of the clutdics and 

inaease in die pilot pressure P^lu i^^s in an increase in brakes CO. CI, C2, BO, Bl. BZ B3. which combination 

die pressure difference AP of die engaging and releasing oil coaesponds to die determined forward drive position, 

chambers 3S, 33, and dicreby causes a decrease in a sl^ The transmission controller 184 is adapted to oontr<d die 

speed Na^of die lock-up clutch 32, while a decrease in die lock-up clutch 32 in die manner explained below, when die 

pitot pressure Psz^ causes an inaease in die slQ) speed Nj^ 65 vehidc is running widi the transmission 14 placed in die 

The slip speed is a difference (N^Nr) between a durd-spced or fourth-qwed or overdrive position C^rd'' or 

speed of die punq> in^Kdler 18 (q»eed N^ of the engine "0/D'*), for example. For controlling die lock-up clutch 32 
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differently depending upon the ninniog conditioB of the 
vehicle, predetermined boundaries defining three different 
coolrol areas as indicated in FIG. 7 arc stored in the ROM. 
For instance, the boundaries are relationships between the 
throttle valve opening TAP and the output speed Nout of the s 
ou^t shaft 40 of the transmission 14 (vehide speed V). 
Described more specifically, these boundaries define a fulfy 
releasing area in which the lock-up clutch 32 should be fully 
released, a fully engaging area in which the clutch 32 should 
be fully engaged, and a slip control area in which the amount lo 
of s^p of Che dutch 32 should be suitably controlled accord- 
ing to the principle of the present invention as described 
below in detail. Depending upon the currently detected 
Ihrolfle (^ning TAP and ou^ut speed Nout. one of fte three 
oonbol areas is deternuned or selected by the CFU of the 15 
transmission controller 184. according to the boundaries 
stored in the ROM. 

When the vehide running condition (TAP and Nout) is in 
the dip control area, the lock-up dutch 32 is craoroUed to l>e 
held in a slqyping state for transmitting power of the engine 30 
10 to the automatic traDsmission 14 so as to injiTiimw the 
fiid economy of the vehide whfle absofblng a torque 
varialioD of the engine Id to assure high power transmission 
stflibHity and improved running stability or comfoit of die 
vehkle. The determination as to Aether the vehide mmiing 25 
condition falls in the slip control area accoiding to die 
boundaries of FIG. 7 stored in the ROM is effected vAile the 
vehide is acodenting. In this respect, it is noted that the 
arooont of slip of the lodc-up dutdi 32 is also controlled 
whik the vehicle is coasting or decelerating with the throttle 30 
valve 166 placed in the idling position. This slip coMrd is 
effeded to increase an effect of the fud-cut control of the 
engine 10. In diis case, however, the slip contrd area is 
detennined on tiie basis of only the vehide speed V« since 
the throttle opening TAP is zero durilng the coastiiig of the 3S 
vehide. 

If tbc CPU of the controller 184 determines fliat the 
vehicle nmning condition falls In die fully engaging avea. the 
solenoid coil of the third solenoid-operated valve S3 is 
eocigized to turn ON the lock-up relay valve 52. and the 40 
SUPCOKTROL current I^^^ applied to tiic linear solenoid 
valve SLU is reduced to the minimum value, whereby the 
lock-up dutch 32 is fiilly engaged. If the vdiicle ranning 
con<fition is determined to be in the fully rdeasing aiea. the 
solendd coil of the valve S3 is de-energjzed to turn OFF the 45 
lock-up relay valve 52. so ttiat the lock-up clutch 32 is fully 
released irrcq)ective of the SLIP CONTROL current 
die vdiide running condition is determined to be la ite slip 
control area, the solenoid coil of the valve S3 is encigized to 
turn ON die lock-up relay valve 52. and die SUP CON- so 
TROL cunent Isijj to be applied to the valve SLU is 
adjusted according to the following equation (2) to control 
die amount of sl^ of the lock-up chitch 32 in a sl^ cootroi 
mode: 

For instance, die SUP CONTROL current I^^ is calcu- 
lated to zero an error AE (=N5;£^TNSLPBD) between a 
transient target slip speed TNSLPBD and the actud slip 
speed i^sLP (=N^Nr) of die lock-up clutch 32. The second 60 
term fi(TAP. Kjs figLp) "S^^^ member <tf the above 

equation (2) is die feed forward teim representative of a 
value which corresponds to die output of the engine It such 
as die output torque and whidi improves the response of the 
lock-up clutch 32. 63 

The electronic engine controller 182 is comprised of a 
microconiputcr similar to that of the transmission conuollcr 
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184. which has a CPU adapted to process the input signals 
according to programs stored in a ROM while utilizing a 
Xanpoaiy data storage function of a RAM. for controlling 
the engine 1#. nsore specifically, for cfifecting a fud injection 
control for controlling a fuel injection valve 186 so as to 
optimize the combustion condition of die engine 10, an 
ignition control for controlling an ignitor 188 so as to 
optimize the ignition timing, a traction control for control- 
ling a second dirottle valve 192 via a du-ottle actuator 190 so 
as to control the traction force of the vehicle while prevent- 
ing slif^ng of the drive wheels on the road surface, and a 
fud-cut control for holding die fiiel injection valve 186 
dosed whOe the engine speed is higha than a predeter- 
mined fiid-cut direshold level l^cor fluting coasting of die 
vehicle, so tfiat die fuel economy ai die vehide is improved. 

Referring next to the block diagram of FIG. 8. there will 
be described the functions of various functional means 
provided in the electronic txansmission controller 184. Hiat 
is, the transmission controller 184 incoiporates sUp control 
means 196, final target sl^ qpeed calculating means 198. an 
initial target sl^ speed setting means 200. target sl^ speed 
updating means 202. first monitoring and enabling means 
204. slip contrd tenninating means 206. initiating condition 
monitoring means 208« lock-up piston advancing means 
210. second moiutoring and enabling means 212. and third 
monitoring and enabling means 214. 

When the vehide running condition is determined to faU 
in the slip control area explained above by refeience to FIG. 
7. die slip ooatMi means 196 controls die amount of sl4> (slip 
speed Ng^) of the lock-up dutch 32 sudi that die detected 
slip speed coincides with the transient target slip speed 
TNSLPBD. To this end the final target slip speed calculat- 
ing means 198 calculates or determines a final target slip 
speed TNSLPB that assures a maximum fuel economy of the 
vehide during a steady-state nmning with die engine load 
(throtde opening angle TAP) hdd substantially constant 
Further, the initial target slip speed setting means 200 sets 
the speed difference AN (=speed Nj> of the pamp impeller 
18 — speed Nt- of the turbine impeller 22) as an initial value 
of die transient target slip speed TNSLPBD. After the Initial 
value TNSLPBD is once set. the target slip speed iqxlaiing 
means 202 updates the transient target sl^ speed TNSLPBD 
such diat the transient target slip speed TNSLPBD is 
reduced at a rate or gradient which decreases as the transient 
target slip speed TNSLPBD i^ipfoacfaes the final target slip 
speed TNSLPB. 

The first monitoring and enabling means 204 indudes slip 
speed monitoring means for determining whether die speed 
difference AN (=N^-Nj) tends to be increasing, and first 
enabling means for enabling the slip control means 196 to 
initiate the slip control of the lock-up clutch 32 if the speed 
difference AN does not tend to be increasing. For example, 
the first monitoring and enabling means 204 enables the slip 
control means 196 to initiate the sl^ control operation when 
a rate of increase DTAP of the opening TAP of the throtdie 
valve 166 drops below a predetermined threshold A61. 
provided the other conditions are satisfied, as described 
below by reference to die flow chart of FIG. 9. The threshold 
value AO 1 is a comparativdy small positive value or a 
negative value dose to zero. The sUp control terminating 
means 206 commands the slip control means 196 to termi- 
nate the sl^ control when the rate d increase DTAP exceeds 
a fvedetermined dire^old A02 which is suffidendy larger 
dian the threshold AO I. 

The engine 10 will race with its speed N^ abrupdy rising, 
when the torque transmitting direction is switched from the 
negative direcdon to the positive direction. The negative 



08/11/2003, EAST Version: 1.04.0000 



5,779.595 

15 16 

diitction is a direcdoD from ihe drive wheels toward the affirmative decision (YES) is oUaioed In step SAl. the 

engiDe 10. whUe the positive direction is a direction fiom the control flow goes to stq> SA2 to detennine whether a time 

en^e 10 toward die drive wheels. This switching of the OiOFF which has passrf ate theidlu« posi^^ 

to^ transmitting direction occurs when the accelaator f'^'f ••^^^^^L^'^ISl^llS^^^ 
,^165 is depressed to t«nunate a coasting «n of 5 ^^il^^^^S^^SS^Jikl 

vehicle ^h the throtUe valve ^^P^^^.fJ^'^l 5r^K?e^.2Sti^SnT*e vehicle 

posihon. -me second monitoring and enablhig means 212 ^ ^ swiftdTheld ON. the idling position 

s:;treS^ss:ras°Zorjs^s:i rt'-^r'^'''''^''^]^^ 

.e«.whidjis^poc^^esta.Ushedd..the«^^ to ^^.J^yr^^^^^^^^Jl^ 

raong and second enabling me^s f« "f^^^^P tocnegaUvedirecZ to the poSfe direction, upon depres- 

'^T^^'.u ■ ^"^^i^T^l^lTtZ 'ion of the acceletator ped^MS at die end of coasting 

dutch 32 rf the engine speed ^I^^^J''^^' deceleration. Ilie engine%p«d N, wiE reach *e Ugliest 

almost reached die expected highest level of "^"^^g- j.^^ ^ „cing in a^ven toe after the accelerator 

The initiating condition monitoring n«ai.s 2W deter- I5 8 depress^. naLly. after the idling position 

min« whether the ^'>^<>'^\^ ^f^l^'J^f^ & bUiTF^K threshold time Tl is (tet^ned 
by the shp conbol ineans 196 have been sansfled. The ^ 

lo*Mip|HSton ady^^^ atoostreaches the expected Ughest level dirtng 

pistoa 3« of *e ipck-up cluuA 32 by a predetenmned ^„ri^ iafl,espee|fic example of FIG. 11. the threshold 

^'^u^u^T^J^'^^^TTlS^JS^ Tl L slilitly shorts AanfteiL between the moment at 

detomtaies diat the initiatii|g condilions h»e tea sab^cA ^^ichT idUng position swUch is turned OFF and the 

The thiid monitoring uid f^'^lP^^Jf,"^^ „,lent at wwli^e speed of the racing engine 10 

lo(*-up p»toii advuioemeat monit«^^ reaches the expected bluest le^. Thus, step SAiU pro 
"^''^^•^^S * •'I'^^^nl^ir^tScS^ « ^todeteni^lXtheenginespeedN^hasaliost 

"X- T 'l^Z.^^S reached the expected highest ^ <h!ring racing of the 

2ie. '^^^^If^^'^ 1*^^ engine 10 whiA«^sl«B depression of the ac«lerator 

^^r^hf ^h^^^n^ 2f Z PeM 1*5 during or the end of. or to terminate coasting 
dutth M «fter Ihe piston 30 has been advanced by the ^ ^^^^^ ^j^, held 

*^^^Ilnft, rtTflL d«rt of FIG 9 ihoe wiU be 30 in the idling position. BwiU be undeKtood that a portion of 
Refonng to the flow chart 'f'^^ the transmission controUer 184 assigned to implement step 

1^:''^^.'?^T.^J^.^^^.^ SA2 constitutes the second modt-S and enabling means 



troller 184 to contralttie lock-up dutch 32 selectivdy in (he 

sUp control mode (SAW) or in the non-dip<o«iol mode 2»- ^ ^^^^^^ ^^.^ ^^^^ ^ ^^^^^ 5^ ^ 

(SA12). control flow goes to step SA12 to tominatc die slip control 

A routme tUustiatod in Ibe flow dtart of PIO. 9 is J5 j^^j^.^^ut^aj'^if^afli^ative decision (YES) is 

co«m«c«l wifli stepSAOtod^omlw ^ ^eSTn^ SA2. the control flow goes to step SA3 to 

ft? f l^T^I^^i^^^i^LSSrSLrS detenninewh^xtheotherconditionsfocinltiatiSdieslip 

(with Step SA13 ™P"^^?*^^^2;2 co,^ »«ve been satisfied. It will be understood that a 

anegative«kcis.ona«))|S«*Ua^««^ ^, 184 assigned to implement step 

flow goes to Step SAl to ^'^^y^^.^.f^ « SA3 oonstimtes the inidating condition monitoring means 

iS^'f ^^**^*'S?!J^i 208. THe other conditions should be satisfied to initiate 

16« » lower than the Uircshold AOl. TWs threAold AW is ^^^^ ^ 

aieladvdy P^^'^^^i"^ ^'^S^Y^ condition is in thTdip contn,! «ea as indicated in FIG. 7; 

zoo. for example. ^* P". J^". ^ f^if^^^^ that the opening the flirotlfc valve 166 is smaUer than 

veh«ae acce emuon with tiie ^"8^^? •>f « , predrtSmiinld value, for example. 4%; and tivit the 

«dj«l«6teingincreasedasmd«^te^ au^^Wmission 14 is nolto a shifting action. If a 

difference AN bew^een die speeds «>d rf ti« pu^ ^ ^ in step SA3. the control 

andmrbineimpdlers 18 22|smcrcasmg. Usually, howeva. ^ to step SA12 to terminate die dip control opera- 

die speed diffemn« ^ tends to start deaeasmg when fte ^ra^^ededsion (YES) isTwained in^ 

^ 'T^.r^^ 1** ! S^.L^Z?flow goes to, sti SA4 to energize die c^ 

166 has dropped bdow *f P^^^^ .^^^^"^^ of the third solenaidV»tedTalve S3 tolSToN the 
AeL as dso m^cated loA-up rday valve S2^i,«by the {.essure Foif in the 

IS die slip speed N^^, of the lock-up dutdi 32. TTius. step chambci 33 is inoeased by the action of flie 

^j'r:^f^JL'''''T^l^'*"^^^1^u^JZ fS5S!d«t«hWdvaKeS6toalevd^deten.rinedbyttie 

rentlyplacedlnfterunnlngconditioninwhK*flH:s^^ iS j^^^ ^nn of the abow equation (2), si«» the first 

tends to be i«rea^ng « "c-^K the ddemmationm SiSXk^)oftt«rightSemb« of the equation (2) 

flepSAlmdicates Aatti« si^eddifferenw^^^ ^ Accordingly Ute pi^ 3» is advanced^ a piede. 

N„ tends not to be mcte^. stq. SA13 is mvlemented distance^pondlngtothe fbed forwiSrd t^ It 

to enable the slip control means 196 to initiate die sUp ^J^^jjood thaia portion of die controller 184 

control of the lock-im chitdi 32. It wiU be understood that «o ""f oe uiia«s»oo uma pawn oi mc wi«*«u« «^ 

wiiuui u« tu.- «"vi^ "f » assioned to implement stq> SA4 cons t itutes nie lodc-up 

a portion of flie transmission controto 184 assigned to ^ advandj means m 

implement step SAl constitutes die first monitormg and P»^ i, foUowed ly step SA5 conesponding to the 

enaUiog means 2M. ^ ^ ^ calculating ineans 198. !■ ttiis stq> 

lfanegatived«^oii(NO)uo»«aln(rf inrtq, SM^^ &S t^S speS TNSLPB is calculated 

is. if die slip speed N-r- of the lock-up dutch 32 tends to be M TJT* . 

iniwaslng. ttewntrSflow goes to siep SA12 lo turn OFF **> ''^""^ *«»*«'°» 

dielock-upielayva]ve52totaminatetheslipcoDtr(4.fflhe 7WSLJ>».7H>i!iiN77WSLPJKi--winiUTxiTOSt« P) 
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In the above equation (3), Che parameter TXNSLPl is a transienl target slip speed TNSLPBD is changed or updated, 
taiget slip speed of the lock-up dutch 32 during a steady- that is. reduced acconUng to the following equation (4): 
state running of the vehicle while the load on the engine 10 

is substantially constant For example, the target sUp speed vmj^BDj^TNSLPBD^.-tNDWNx (4) 

TTNSLPl is determined 00 the basis of the tuibinc impeller 5 ^ ^ ^mr^r^ • . .« ^> ^ ■ . 

speed and the tfarotlle valve opening TAP and aSng WSLPBD^,: lnns«»t target slip speed in ihe last 

to a predetermined relationship as indicated in FIG. 12. On <7 ^ 

the other hand, die parameter TTNSLP2 is a target slip speed tNOWirn dcaanem of WSLPBD 

during a rapid acceleration of the vehicle. For example, the 

taiget slip speed TTN9P2 is about 500 rp.nL The param- lO The decrement tNDWNl by which the transient target 
eter TKDTAP is a ooefSdent expressed as a function of the slip speed TNSLFBDi is reduced toward the final taiget slip 
rate of change DTAP oi the throttle valve opening TAR The speed TNSLPB is determined as a function of the current 
cocfficicntTRKDTAP(^l) increases with an inoease in the transient target slip speed TNSLFBD. as indicated in the 
rate of change DTAP. gr^h of FIG. 14. Desoibed more particularly, tfie decre- 

Then, the control fl(MV goes to step SA6 to determine 15 ment tNDWNl decreases as the transient taiget slip speed 
whether the transient taiget slip speed TNSLPBD is laiger TNSLPBD approaches or nears the final target slip speed 
dian the final target slip speed TNSLPB calculated in step TNSLPB calculated In step SA5. As is apparent from the 
SA5. In theflrstcyclecf execution of the routine of FIG. 9, above equation (4), the transient target slip speed 
an afGrmative decision (YES) is obtained in step S A6« and TNSLFBDi used In each cycle of execution of the routine is 
the control flow goes to step SAT to detennine whether a 20 calculated by subtracting die currently determined decre- 
timcCASLPviAiichhas^sed after the affirmative decision ment tNDWNl from the transient target slip speed 
(YES) is obtained in saep SA3 exceeds a predetennined TNSLPBD|_| used in the last cycle. It will therefore be 
ducshold Tp, This thicdiold time T^. is detcnnined to be understood diat die decrement tNDWNl determined as a 
sufficient to confirm dut die piston 31 of die iodc-up chitch function of the transient target slip speed TNSLPBD in each 
32 has been advanced by the predetermined distance with 25 cyde execution determines the rate at which die transient 
the lock-up relay valve S2 turned ON in stq) SA5. For target slq> speed TNSLPBD is reduced down to die final 
example, the direshold T,, is set at about 400 ms. Thus, step target slip speed TNSLPB. Thus, die rate <tf reduction cf die 
SA7 conesponds to die fldrd monitoring and endbling means transient target slip q>eed TNSLFBD toward die final target 
214. Inidally. a negative decision (NO) is obtained in step slip speed TNSLPB decreases as the transient target sl^ 
SA7, and the control flow goes to step SA8 coire^nding 30 speed TNSLPBD approaches die final target slip speed 
to the initial target slip ^eed setting means 2M. Id diis step TNSLPB. 

S^. die speed difiFcreocc AN (=Np-N7) of die pump and Since die transient target iiip ^ed TNSLPBD is deore- 
tiubine impellers 18, 2Z namely, die current slip speed N^^ mentcd as described above, the slip speed TNSLPBD even- 
of the lock-up clutdi 12 Conmediately before the initiation of tually coincides with the final target slip speed TNSLPB 
die slip control operation) is set as an initial value of the 35 after the routine has been repeated a given number of cycles, 
transient target sl^ speed TNSLPBD. The point of time at Thus, a negative decision (NO) is obtained in $tq> SA6. and 
which step SA8 is inqilcmented is indicated at *tl** in the step SAIO is implemented to fix the transient taiget slip 
graph of FIG. 13. speed TNSLPBD at die final target slip speed TNSLPB. The 

Then, the control flow goes to step SA13 corresponding point of time at which step SAlO Is implemented is indicated 
to the slip control means 196, in whidi the lock-up relay 40 at "ty* in FIG. 13. 

valve 52 is turned ON. and die SLIP CONTROL cunent I^jjj In the slip control iqsparatus constructed according to die 
^lied to the linear solenoid valve SLU is controlled fffcsent embodiment which has been described, the transient 
acocffding to the above equation (2) to control the amount of target slip speed TNSLTOD is initially set at the Initial value 
slipping engagement of the lock-up dutdi 32 so that the by die initial target slip speed setting means 2f0 in step SA8. 
actual slip speed N^^^ coincides with die inidal transient 45 Thereafter, die transient target sUp speed TNSLPBD is 
taiget slip speed TNSLFBD determined in stq> SA8. Thus. decremented car reduced by die target slip speed updating 
one cyde of execution of the routine of FIG. 9 is completed. means 202 in step SA9. toward die final target slip speed 

In the next cycle of execution of the routine, an affiimadve TNSLPB calculated by the final taiget sl^ speed calculating 
decision (YES) is obtained in step SAO. and step SAll means 19% in step SA5. such diat die rate of reduction of the 
corresponding to die sUp control terminating means 206 is 50 transient target slq> speed TNSLPBD decreases as the tian- 
iinplemented to determine whether the conditions for ter- sient targ^ slip speed TNSLPBD approaches the final target 
minating the slip control of the lock-up dutch 32 are slip speed TNSLFB, as indicated in the gra|^ of BG. 13. 
satisfied. These c<»idltions include a condition diat the rate This arrangement assures smoodi slow reduction of die 
of increase DTAP of die opening TAP of the dnottle valve transient taig^ slip ^)eed TNSLPBD down to die final value 
166 exceeds a predetermined direshold ^82 (c.g., 10%/30 55 TNSLPB as indicated by solid line in FIG. 13. contrary to 
ms). whidi is sufficiently larger dian die threshold AO 1 (e.g., the conventional linear reduction which involves sudden 
\%/20 ms) used in step SAl. Initially, a negative decision zeroing of die rate of reduction of die transient target slip 
(NO) is obtained in step SAll. and the control flow goes to speed as indicated by one-dot chain line in FIG. 13. Thus. 
stq> SA4. the present embodiment permits the actual slip speed N^^ 

With the routine repeatedly executed, an affirmative ded- 60 of the lock-up dutdi 32 to accurately coindde with the final 
sion (YES) is obtained in step SA7. namely, the piston 30 of target value TNSLPB, widiout a control overshoot which 
the lodc-up clutch 32 his been advanced by the pred^er- would cause die actual slip speed to become close to zero 
mined distance to a positiDn rdatively near the fully engaged and which would lead to detoimted running stability and 
position. The point of time at which die affirmative decisi<Mi comf(»t of the vdiide. 

is obtained in step SA7 is indicated at 't2** in FIG. 13. In this 65 In the present embodiment, die first monitoring and 
case, step SA7 is followed by step SA9cQiresponding to die enabling means 204 indudes the slip qieed mooltoring 
taiget s^p speed updatiiig means 202. In this step SA9, the means whidi determines in step SAl whedier the difference 
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AN between the speeds N,. and of the piaap and tuibinc Described more spedfically, Oie engine facing monitoring 

impelleis 18. 22 tends to be increasing or not. and fiirther means of Uk secood rooaitoring and enabling means 212 

tadudes the first enabling means which enables the slip detennines whetbei the time CLU)I^ wUch has i^jsed 

control means 19* to initiate die slip control opemUon of the f^^^j^^'^^^^^J^J^. t^Z^ 

lockup dutch 32 in step SA13 if it is determined that the s turned off exceeds a Pj^^^^^^^^^f^h^J^ 

*-^T J * * J *^ :..>w»»o:»^ Tk;c ond enaUine means enables the slip coDtroi means i9t to 

5pccd difference AN does not tend to be ^jas ng.^ riSSateT^ control ope^ 

arrangement is also effective to permit the actual sbp speed ^ cxccSs the predctamined threshold Tl. 

to accurately foUow the^nsient target skp speed ^"Z^^dTlis determined toS shorter by a predeie.- 

TOSLPBDwhichisdetermmedfromtimetotiine T^^^^ time than the time period between the moment at 

present anbodiinem assures improved stability of control of lO position switch is turned OFF and the 

the sUp amount <rf the lock-up dutch 32. and accordingly moment at which the eatpected higjhest speed of the engine 

enhanced running stability and comfort of the vehicle. tadng is reached. The predetermined time is set to be 

Described more specifically, the first monitoring and substantially equal to the expected time lag before the slip 

enabling means 204 is arranged to enable the slip control control by the slip control means 196 begins to influence the 

means 196 to initiate the sl^ control operation when the rate 15 actual slip speed N^^^ so that the effective slip control of the 

of increase DTAP of the opening TAP of the throttle valve Qiutch 32 is Initiated i^^en the expected highest speed of the 

1(6 drops below the predetermined threshold Adl. As engine racing has been reached. 

indicated in the g^a^ of FIG. 10. the threshold A61 is The present embodiment is further ad^)tedsudi that If the 

selected to t>e a comparatively small positive value or a initiating condition monitoring means 208 determines in 

negative value dose to zero. It is desirable that the threshold 20 step SA3 that the vehicle condition for initiating the slip 

Ad 1 be a negative value* because the aflBrmative decision control operation is satisfied, Ac lock-up piston advancing 

(YES) is obtained in step SA2 when the accelerator pedal means 210 advances the piston 30 of the lock-up clutch 32 

165 is released, that is. when the speed difference AN by the predetcnmned distance to the position relatively near 

(=N^Nr) begins to be decreasing. In oflier words, the use the fully engaged position, and the third monitoring and 

erf a negative value for Ae tiureshoW ASl causes the slip 25 enabling means 214 aiables the slip control means 196 to 

control operation to be initiated only after the speed differ- initiate the slip control operation after the piston 30 has been 

ence AN tends to be decreasing, whereby the sl^ control advanced by the predetermined distance. This arrangement 

stability is further in^xoved. permits slipping engagement of the lock-iq> clutch inunedi- 

Tbe present embodiment is also adapted such that the st^ ately after the initiation of the slip control operation, and 

control teiminating means 206 terminates die slip control 30 therefore permits die actual sHp speed of the lock-up 

cperatioD in step S13A if the rate of increase DTAP <rf the cUiUA to aconatcly foUow the target sHp speed TNSLPBD. 

throttle valve opening TAP exceeds &e predetomined The instant airangement does not cause a control overshoot 

threshold Ae2 sufficiently larger than the threshold A81. In which causes the actual slip speed to become close to zero 

this arrangement, the slip control operation is terminated and which would lead to deterioration of the running sta- 

even when the vehicle runnhig condition is hi ttie slip confrd as bility and comfort of the vehicle, 

area of FIG. 7. if the throttle valve 166 is operated at a In the iUusHatcdcnAodimcnt the piston 30 of the lock-up 

comparatively high rate with the accelerator pedal 165 bemg chitdi 32 is axially slidahly fitted on the hub of the turbine 

depressed abruptiy. Thus, the instant airangement is cffeo- impeller 22 of the twque converter 12. and is movable 

tive to prevent otherwise possible knocking tendency of the between the fully releasing position and the fully engaging 

enginelOductoancxccssively small amount of slip of the 40 position by die pressure difference of the releasing and 

lock up dutch when the engine speed is relatively low. engagtog oil chambers 33. 35 which are partial^ defined 1^ 

Furtiier. the termination of the slip control of the lock-up the piston 30. The lock-up piston advandng means 210 js 

clutch 32 in such condition resulu in effective amplification adapted to control the pressure In the releasing oil chamber 

of a tcmjue by the torque converter 12, facilitating the 33 to a predetermined level while ttie pressure in the 

acceleratk>n of the vehicle. 45 engaging oU chamber 35 is held at tfie pcedetomined higgler 

Further, the second monitoring and enaWing means 212 leveL whereby the piston 30 is advanced by ttie oU flow 

includes the engine racing monitcring means whidi deter- within die torque converter 12 from the pump impeller 1«, 

mines in step SA2 whether the engine speed has ahnost to a position near the fiiUy engaged position in which the 

reached the highest level expected to be established due to frictional coupHng portion of the clutch 30 contacts the 

the engine racing upon depression of the accelerate pedal 50 corresponding fnctional coupling portion die turbine 

165 and consequent switching (rf die torque transmitting impeller 22. .... 

direction from die negative direction to the positive direc- While the present mvention has been described in detail 

tion. The second monitoring and enabling means 212 also in iu presently preferred embodiment, it is to be understood 

includes the second enabling means which enables toe slip that the invention is not limited to the details of the illus- 

control means 196 to initiate the slip control elation only 55 trated embodiment but may be otherwise embodied, 

after the engine racing has progressed to such an extent diat For instance, die throttle valve <^>aiing TAP and the rate 

die engine speed has ahnost reached the highest level of of inaease DTAP of the opening TAP which are used as 

racing. Thus, the present slip control apparatus indicated parameters for conm>lling die lock-up clutch 32 may be 

above is adapted to initiate die slip control operation <rf the replaced by odier variables indicative of die load currently 

lock-up clutch 32 in st^ SA13 only after ttie engine speed 60 acting on die engine 10, and values indicative of die rates of 

has been raised to a level near the hig^iest level expected diangc of such variaUes. For example, die parameters TAP 

during die engine racing. This arrangement permiu the and DTAP may be replaced by the amount of operation of 

actual slip speed N5;lp of the lock-up dutch 32 to accurately the accelerator pedal 165 and die rate of change of this 

follow die target slip speed TNSLPB even at the beginning operation amount, or the amount of fuel injection into the 

of die slip control operation, and does not suffer from 65 engine 10 and die rate of change of diis fiiel injecUon 

unstable control of die slip amount which would lead to amount, or the intake air quantity Q of die engine 10 and die 

deteriorated runniiig stabili^ of the vehide. rate of change (tf diis quantity. 
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Id step SAl of FIG. 9 of ttie illustrated cmbodinieot the 
rate of increase DTAP (%/ms) of the opening lAP of the 
throttle vale 166 is used in determining whether Che diff^- 
ence AN between the speeds Np and N^. of the punsp and 
tuibine impellers 18, 22, which is the sl^ speed }^suj of the 5 
lock-up clutch 32. tends to be increasing or not That Is, the 
first monitoring and enabling means 204 determines that the 
slip speed tends to be increasing if or when the rate of 
increase DTAP drops bdow the predetcfmined threshold 
AGL However, the increasing tendency of the slip speed 10 
f^sLu niay be determined on the basis of the rate of change 
of the speed difference AN (^Np-Nj) of the purap and 
tuibine impellers 18, 22, which rate of change is calculated 
by calculating the speed dtjOference AN at a predetenniDed 
incervaL 15 

In step SA2 of the illustrated embodiment, the time 
DXOFF which has passed alter the idlii^ position switch 
of the throttle sensor 167 is turned OFF during vehicle 
deceleration is compared with the piedetennined threshold 
Tl, to determine whether the engine speed N^ has almost 20 
reached the highest level expected to be established due to 
racing of the engine 10 upon switdiing of Che torque 
transmitting direction from the negative direction to the 
positive direction due to depression of the aocelmtor pedal 
165. However, this detenninatloD may be effected depend- 25 
log upon whether the rate of increase of the engine speed 
becomes lower dian a predetennined direshold. 

Although the hydraulic connol device 44 is arranged as 
illustrated in FIG. 4, die construction of die device 44 may 
be modified as needed I^exaniple. die lock-up relay valve 30 
52 and die lock-up clutch contnrf valve 56 may be combiiied 
into a unitary structure. 

While the illustrated embodimeDt is adapted Co pcnnit the 
slip control operation of the lock-up chitch32 to be initiated 
when the predetermined time Tp has passed after Che piston 35 
30 has been advanced, the sl^ control operation may be 
initiated when the predetermined distance of advancement 
of the piston 3f is acnially detected 

Although the aut<Hnatic transmission 14 is connected to 
the torque converter 12 equipped widi the lock-up dutch 32. 40 
the torque converter 12 may be replaced by otfier fiuidrfiUed 
power transmitting device equipped widi a lock-up clutch, 
sudi as a fluid-coupling equ4>ped with a lo<±-up clutch. 

It is to be understood that the present Invention may be 
embodied with various other changes, modifications and 45 
in^rovcmcnts, which may occur to those skilled in the art, 
widiout departing from the ^irit and scope <si the inventbn 
defined in the following claims. 

What is claimed is: 

1. An apparatus for controlling an amount of slip of a 50 
lock-up clutch disposed between a pump imp^er and a 
tuibine ic^Uer in a fluid-filled power trananitting device of 
a motor vehicle having an engine and an accelerator pedaL 
said appaiaius including slip control means for controlling 
the amount of slip of said lock-up dutdi while a running 35 
condition of die vehide is in a predetermined slq> control 
area, such that an actual slip speed of said lock-up clutch 
coincides with a target slip speed, said apparatus compris- 
ing: 



engine radng monitoring means for determinii^ whether 
a speed of said engine of the vehicle has substantially 
reached a levd whkh is expected to be established due 
to radng of the engine li^n depression of said accel- 
erator pedal and consequent switching of a torque 
transmitting direction firom a negative direction to a 
positive direction, said negative direction being a direc- 
tion from a drive wheel of the vehicle toward said 
engine while said positive direction being a direction 
from said engine toward said drive wheel; and 

enabling means for enabling said slip control means to 
initiate a slip control opaaiion to control the amount of 
slip of said lock-up dutdi if said engine racing moni- 
toring means determines that the speed of said engine 
has almost reached said highest level. 

2. An apparat\MS according to daim 1, wherein said engine 
racing monitoring means comprises an idling position 
switch which Is held on while a (hrottie valve of the engine 
is placed in an Idling position, and means for determining 
whether a time which has passed after said idling position 
switch is turned off exceeds a predetermined Uiresbokl, said 
enabling means enabling said slip control means to initiate 
said slip control operation when said tirn^ exceeds said 
predetennined threshold 

3. An £^aratU5 according to claim 2, wherein said 
predetermined threshold is shorter by a predetermined time 
than a period of time between a moment at which said idling 
position switch is turned off and a moment at v/hich the 
speed of the engine has reached said highest levd. said 
predetennined time cocrcsponding to a time lag between a 
moment of initiation of said slip control operation by said 
slip control means and a moment at which said slip control 
operatk>n influences said actual sl^ speed of said lock-up 
dutch. 

4. An apparatus according to claim 1. wherein said slip 
control means controls the amount of slip of said lock-up 
dutdi) such that the actual sl^ speed of said lock-up ducch 
coinddes with a transient target slip speed said apparatus 
further coiiq>rising: 

final target slip speed calculating means for calculating a 
final target s^p speed of said lock-up dutch which 
assures a maximum liid economy of the vehicle during 
a steady-state running of die vehicle; 

initial target sl^ speed setting means for setting, as an 
initial value <^ said transient target slip speed of said 
lock-up dutch, a speed difference between speeds of 
said piiiiq> and turbine in:^>diers immediatdy before an 
operation said slip control means is initiated; and 

target slip speed updating means opexable after said initial 
value of said transient target slip speed is sd, for 
changing said transient target slip speed toward said 
final target sl^ speed at a rate which deaeases as said 
transient target slip speed approaches said final target 
sUp speed 



08/11/2003, EAST Version: 1.04.0000 



